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A simplified method for kinematic calculations 
of nuclear reactions * 
The formulas describing the non­relativistic kinematics of nuclear reactions are 
rather combersone. To facilitate handling they have been represented for some reactions in 
form of tables and diagrams1_5. The number of reactions and quantities of interest is 
numerous and therefore also the number of diagrams. A very general representation was 
proposed by Dickens 5 but even there for each type of reaction, e.g. (p,p), (p,d) ... another 
diagram must be used. 
In this paper a general formula for all non­relativistic reactions is given in terms of 
normalized quantities. The formula may be represented by one nomogram or one table. The 
normalized quantities themselves are in simple relation to the physical quantities and can 
be calculated easily. 
We consider the following case: A projectile particle with mass m1 and kinetic 
energy Εχ collides with a target particle m2 being at rest (E2 = 0) in the lab. (laboratory) 
frame. Two particles of masses m3 and m4 are produced. The reaction shortly written 
1(2,3)4 will be calculated under the following assumptions: conservation of: energy, linear 
momentum and mass. From these follows for the absolute velocity |v'3| and energy E'3 of 
particle 3 in the CM (center of mass) frame and for the velocity of the center of mass |HCM| 
| I / „ | = [{2m 2 m 4 / (m 3 M 2 )} (Εχ — E t h p/ 2 ; 
E'3 = ­I­ m3 \v'3\> = (m2 m4/M2) (Εχ — E th) ; (la, b) 
\vcu\ = m1 \Vl\/M (2) 
With 
mi + m2 = m3 + m4 = M **; 
E t h = — QM/m2 = \Q\M/m2 for Q < 0 
<? = E3 + E4 — Εχ**. (3a, b) 
The dynamical variables of a particle expressed in the CM frame will be distinguish­
ed by attaching primes to them. The following calculation is valid for particle 3. Inter­
changing the indices 3 and 4 yields the equations for particle 4. One observes that |t/3 | and 
|DCM| are constant if Εχ is kept constant. As shown in fig. 1 the transition from the CM frame 
to lab. frame is simply the vector addition of VCM to v'3. The shape of the resulting vector 
diagram depends only on the ratio |VCM|/|*/3|· It is therefore convenient to introduce the 
kinematic parameter 
i?3 = K M | / | V ' 3 | ; η3' = { ("i! m3)/(m2 m4) } E1/{E1 — E th) (4a, b) 
* Text also published in Nuclear Instruments and Methods 59 (1968) 167-169 by North-Holland 
Publishing Co. 
** In a non-relativistic calculation the conservation of energy and mass must be postulated separately. 
Q must be introduced by means of the relativistic eq. Q = àmc' = (m¡ + mi — m3 — mjc'. The necessary 
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)_ 1 < η < oo 
Fig. 1. Transition from the cm frame to the lab. frame for different 
values of the parameter -η-
The six quanti t ies ni] , m2, m9, m4 , Εχ and E t h are in this way combined in one single 
parameter . F rom fig. 1 one obtains. 
|υ3 |2 sin θ = \i/3\2 — [|v3| cos θ — \vCM\]2. 
With eq. (3a) and a second normalized quant i ty Λ; 
x = \v3\/\v'3\ = ( E 3 / E ' 3 ) 1 / 2 ; 
we obtain from eq. (6) finally the desired general relat ion 
* = ± (1 — η2 sin2 θ)1'2 + η COS θ, 
ót­




This equat ion in connection wi th the definitions of χ and η is equivalent to the gene­
ral formula c 
Q = E3 { 1 + (m3/m4) } — E1 {1 — (mjm,) } — { (2 cos 0 ) / m 4 } (m, m 3 Ex Es) 1 ' 2 (8) 
6 
Fig. 2. Nomogram of eq. (7). 
Eq . (7) allows to calculate the energy of part icle 3 via the quant i ty Λ: as a function of 
the angle θ of emission in the lab. frame. 
In order to explain the meaning of η we consider e.g. the dependence of η on Εχ for 
reactions with a negative Q(Elh > 0). 
1. η < 0. No reaction. E1 < E t h . 
2. η = co. Beginning of the reaction. Εχ = Eti,· 
3. 1 < η < co. Region of double valued energy. At each angle θ (θ < #„mx) there are 
particles with two different energies E l h < Εχ < Eb 3 . 
4. η — 1. This condition gives tha t Εχ at which jus t no part icle 3 can be found 
at angles θ greater than 90°. Εχ = Eb 3 . 
5. (ΐ7ΐχΓπ.3)/(m2m4) ^ rç ^ 1. Region of single valued energy Εχ > Eb 3 . 
For reactions with a positive Ç value η increases with increasing Εχ. The other 
aspects being the same. T h e possible range for χ is also given by η. 
Λ'πιαχ = 1 ± η for η < 1 and * raax = 77 ± 1 for 77 > 1 
7 
(9) 
For 1 < η < oo the maximum angle 0max at which partiele 3 can be found may be 
calculated with 
sin0max = 1/τ73; Χ™* = (va2 —1)1/2· (10) 
Example: 7Li(p,n)7Be. 
Incident proton energy 2200 keV; Threshold energy E t h = 1880.4 keV. The kinema­
tic parameter η is calculated with eq. (4b), η = 0.37. From this we conclude that E 3 is a 
single valued function of Θ. With eq. (lb) one obtains for the neutron energy in the CM 
frame E'3 = 244.4 keV. According to eqs. (6) and (9) the neutron energy E3 in the lab. 
frame varies between (1 — η)2 E'3 = 94.85 keV and (1 + η)2 E'3 = 463.4 keV. The angle 
for one desired energy E3 inside this range may easily be found by means of fig. 2 or by 
evaluating eq. (7). 
The variation of E3 with the variation of Εχ may be calculated from : 
3Ε8/3Εχ = (m, m2/M2) X [{M/(mx m3) }(m4 — m,) + \ (χ/η)2]/{1 — ¿ (η/χ)2} (12) 
which follows from eq. (8) and from eqs. (3b), (6) and (7). 
One may conclude that especially for the kind of questions mentioned above kinema­
tic calculations can be simplified by introducing normalized quantities. 
The stimulating discussions with K. H. Böckhoff and W. Stiiber are gratefully ac­
knowledged. 
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